INTRODUCTION
============

In 2007, Rane et al. and Raman et al. independently reported the first laparoendoscopic single-site surgery (LESS) for transumbilical nephrectomy \[[@B1]\]. Since then, many surgeons have used this technique to treat urological diseases, leading to a number of reports on its usefulness and safety \[[@B2]\]. Most reports of LESS show feasibility, effectiveness, and patient satisfaction for both benign and malignant adrenal, ureter, bladder, prostate, and testis conditions \[[@B3]\]. LESS is suitable for clinical implementation in appropriately selected patients, including normal-weight patients with limited prior abdominal surgery and favorable disease processes \[[@B4]\]. For oncologic surgery, LESS may be recommended only for highly selective conditions when the tumor anatomy is favorable \[[@B5]\]. LESS in pediatric cases and for benign disease has been reported and might be important for cosmetic outcomes \[[@B6]\]. However, commercial port devices have not been available in developing and undeveloped countries. In these countries, the simple technique and tips suggested in our study may be useful. In addition, this might be a chance for beginners to learn the LESS procedure on the model of our experience. The aim of this study was to report our results for LESS in 116 cases of benign urological disease with the introduction of a simple technique for making a homemade single port and several surgical tips for performing LESS.

MATERIALS AND METHODS
=====================

1. Patients
-----------

Between January 2009 and May 2011, a surgeon skilled in conventional laparoscopic surgery used LESS to treat 116 cases of benign urologic disease. The inclusion and exclusion criteria that are used for conventional laparoscopic surgery were applied, resulting in 44 cases of varicocelectomy (8 bilateral), 38 cases of renal cyst marsupialization (3 bilateral), 26 cases of ureterolithotomy (1 with concomitant ureterolithotomy and contralateral renal cyst marsupialization), 4 cases of prostatic enucleation, and 4 cases of bladder rupture repair. In cases of ureterolithotomy, patients who were suspected of having an impacted upper ureter stone or whose prior shock wave lithotrips or ureteroscopy procedure failed to remove their stone were selected. Single-port transvesical enucleation of the prostate (STEP) was conducted on patients who had grade III intravesical prostatic protrusion with a prostatic volume of 80 ml or more via transrectal ultrasound. The mean patient age was 44.43±16.46 years (range, 11 to 76 years), the male-to-female ratio was 87:29, and the mean body mass index was 23.58±2.66 kg/m^2^.

2. General surgical procedure
-----------------------------

For all operations, the patient was placed under general anesthesia and a 2 to 4 cm circular incision was made in the lateral side of the umbilicus. A 1-cm extended fascial incision was made and the peritoneum was resected by use of an open technique. The transperitoneal approach was used for surgery. In cases of STEP, a midline incision was made of approximately 3 cm at three finger widths above the symphysis pubis, and an extraperitoneal approach was used. A homemade single-port device was constructed by using an Alexis wound retractor (Applied Medical Resources Co., Rancho, Santa Margarita, CA, USA) and a powder-free surgical glove (Triplex P-free Glove, KM Healthcare, Guri, Korea) ([Fig. 1](#F1){ref-type="fig"}). The wound retractor was inserted into the umbilicus incision site and the upper part of the wound retractor ring was covered with a size 6 or 6½ surgical glove. The surgical glove was folded and inserted to minimize the gap between the abdominal wall and the glove. Three fingers of the glove were cut off and three trocars were inserted and immobilized with 1-0 silk. The three trocars were either one 5-mm and two 12-mm trocars or one 12-mm and two 5-mm trocars. Intraperitoneal CO~2~ pressure was maintained at 15 mmHg. A 10-mm rigid laparoscope (Stryker, Kalamazoo, MI, USA; Linvatec, Largo, FL, USA) was inserted into the peritoneum through the 12-mm trocar along with the homemade single-port device, and the whole peritoneum, including the area destined for surgery, was examined. Flexible laparoscopic instruments (LaparoAngle, CambridgeEndo, Framingham, MA, USA; Roticulator, Autosuture, Norwalk, CT, USA), were inserted through the remaining trocars and passed into the peritoneal cavity through the single incision port. Surgery was performed by bending the tip of the articular laparoscopic equipment into a shape similar to the basic fifth movement of ballet ([Fig. 2A](#F2){ref-type="fig"}) \[[@B7]\]. In cases in which more instruments were required during surgery, an additional finger of the glove was cut, a trocar was installed as described above, and the required instrument was inserted. In ureterolithotomy, the vertically resected ureter was subjected to continuous suture with 4-0 or 5-0 polyglactin. After completion of the surgery, the skin of the single incision site was sutured with Dermabond (Ethicon Inc., Somerville, NJ, USA).

3. Technique and tips
---------------------

### 1) Homemade single-port device

Both ends of the wound retractor were securely tightened ([Fig. 1](#F1){ref-type="fig"}) and the upper ring was folded three times. A size 6 and 1/2 surgical glove was placed in the upper ring and folded 6 to 7 times to form the shape of the homemade single-port device. The green lower ring was folded. A wound retractor was placed in the transumbilical incision, which was opened by using a Hasson technique.

### 2) Minimizing the interference of the trocar head

Interference from the head of the disposable laparoscopic trocar caused problems comparable to the tangling of instruments during LESS ([Fig. 2B](#F2){ref-type="fig"}). To secure sufficient space and to minimize the interference of the trocar head, a gas valve was placed either superiorly or inferiorly.

### 3) Tips for inserting laparoscopic instruments

Articulating or rigid instruments placed in the homemade single-port device could encounter the abdominal wall in the superior region of the lowered wound retractor ([Fig. 2C](#F2){ref-type="fig"}). By placing a telescope in the homemade single-port device, accurate insertion of the instruments was possible. However, this could contaminate the telescope lens. Therefore, we propose confirming the insertion of instruments through the transparent part of the wound retractor by pulling on the homemade single-port device. In particular, this was effective for inserting articulating instruments.

### 4) Methods for extracting the specimen by using another finger of the glove

In laparoscopic surgery, the extraction of small samples such as lymph nodes or fat occurs through a trocar. However, in some cases, specimens are easily trapped in the trocar or escape to the peritoneal space. Therefore, we proposed a method for extracting specimens by using another finger of the glove ([Fig. 2D](#F2){ref-type="fig"}). Gas leakage was prevented by clamping with a hemostat after specimen removal.

RESULTS
=======

From January 2009 to May 2011, 116 cases of LESS were performed for benign urological disease. Of these cases using a homemade single-port device, conversion to conventional laparoscopic surgery occurred in only one (0.86%), a ureterolithotomy case ([Table 1](#T1){ref-type="table"}). The mean operation room times were 52.86±11.73 minutes for varicocelectomy, 92.11±25.31 minutes for renal cyst marsupialization, 118.46±49.04 minutes for ureterolithotomy, 207.50±49.04 minutes for STEP, and 90.00±10.80 minutes for repair of bladder rupture. The mean estimated blood loss for all patients during surgery was 61.90 ml (range, 0 to 2,000 ml). Postoperative surgical complications occurred in 12 cases (10.34%), including Clavien-Dindo grade 1 (10 cases, 8.62%) and 2 (2 cases, 1.72%). Only two patients received transfusions for a decrease in serum hemoglobin levels. Minor postsurgical complications occurred in 10 cases, as specific fever (6 cases, 5.17%) or mild ileus (4 cases, 3.45%). For all 116 patients, the average hospital stay was 3.03±2.12 days. Average hospital stays were 2.23±1.21 days for varicocelectomy, 2.50±0.61 days for renal cyst marsupialization, 3.23±1.80 days for ureterolithotomy, 3.50±0.71 days for STEP, and 7.75±1.71 days for repair of bladder rupture. Two patients underwent STEP with patient-controlled anesthesia after surgery (1.72%). Of the 115 patients in whom LESS surgery was successfully performed, all began oral intake immediately after surgery with a return to routine life in an average of 3.54±1.84 days after surgery. A survey on the level of satisfaction felt by the patients revealed that 88 (75.86%) felt very satisfied and 28 (24.14%) felt somewhat satisfied; thus, all LESS-treated patients expressed satisfaction. The average wound size of the patients 1 month after surgery was 3.06±0.26 cm.

DISCUSSION
==========

We performed LESS by use of a homemade single-port device in patients with benign urological disease. Conversion to conventional laparoscopic surgery occurred in one ureterolithotomy case. Also, in one case of STEP, bleeding of about 2,000 ml occurred, but we did not convert to conventional laparoscopic surgery because the enucleation was almost finished and the amount of bleeding tends to be exaggerated owing to the inclusion of urine. Surgical outcomes in our study were similar to those in previous reports ([Table 1](#T1){ref-type="table"}). In particular, Choi et al. \[[@B8]\] reported 100 cases of excellent surgical outcomes of LESS and hybrid LESS in patients with benign urological disease. According to those authors, because of limits from issues such as the specimen extraction method and keeping oncologic principles, the primary treatment of urological cancers such as renal cell carcinoma, upper tract urothelial cell carcinoma, and prostate cancer would be questionable indications. Another study by Choi et al. \[[@B6]\] reported excellent surgical outcomes for 171 cases of LESS in patients with various urologic diseases. They also previously reported initial surgical outcomes of 50 cases of conventional LESS and robotic LESS \[[@B9]\]. Although they performed LESS on more than half of patients with malignant disease, they noted that the ideal indications are pediatric urologic diseases and benign diseases. Currently, when performing oncologic procedures, LESS is recommended only in highly selective situations when the tumor anatomy is favorable \[[@B5]\]. However, feasibility and excellent treatment outcomes with LESS have been reported in patients with malignant disease \[[@B10]-[@B13]\]. Further studies are warranted on the indications for LESS.

Initially, the procedures that used LESS were designed to improve the cosmetic outcome of surgery and were aimed to lessen postoperative discomfort \[[@B14]\]. These goals have now been realized. Kaouk et al. \[[@B15]\] reported the surgical outcomes of 1,076 cases of LESS in a worldwide, multi-institutional setting and found surgical outcomes such as skin incision length at closure of 3.5±1.5 cm, mean hospital stay of 3.6±2.7 days, and a visual analogue pain score at discharge of 1.5±1.4. In addition, they reported treating 46% of 1,076 cases by use of LESS with a homemade single-port device. Currently available platforms for single-port surgery include the TriPort (Olympus Co., Tokyo, Japan), SILS Port (Covidien, Norwalk, CT, USA), SSL Access System (Ethicon Inc.), OCTO Port (dalimSurgNET, Seoul, Korea), AirSeal (SurgiQuest Inc., Milford, CT, USA), GelPOINT (Applied Medical Resources Co.), and SPIDER (TransEnterix Inc., Durham, NC, USA) \[[@B16]\]. In countries such as Taiwan and China, however, where LESS is beginning to be performed for patients with urologic disease, no commercial single-port device is available. LESS is therefore performed by use of a homemade single-port device in these countries \[[@B10],[@B17],[@B18]\]. In these cases, as described in this study, a simple technique and tips are useful. In particular, this might be an opportunity for beginners to learn the LESS procedure through the management of cases of benign disease.

Here we described LESS, our technique, and tips for treating patients with benign urological disease. Compared with previous commercial single-port devices, homemade single-port devices composed of a wound retractor and a surgical glove may have some advantages. First, they allow the laparoscope and instruments to be moved relatively freely in a limited operative space. Second, additional surgical instruments can be inserted by cutting off extra fingers from the glove. Third, the elasticity of the surgical glove minimizes the interference of the instruments with the telescope. Fourth, the cost is low compared with that of commercial single-port devices (R-port vs. homemade single-port device; approximately 450 USD vs. 300 USD in Korea) \[[@B19]\]. In our early cases, it took some time to construct the homemade single-port device during surgery. As we have gained experienced with surgical cases, however, we learned tips and techniques that can save time when constructing a single-port device. In beginners performing LESS by use of a homemade single-port device, a surgical glove can be torn by a laparoscopic instrument or a needle, unlike a commercial device \[[@B20]\]. Another disadvantage is that the length to the target organ might be shortened. Particularly in pelvic surgery, the distance from the trocar to the prostate is long \[[@B21]\]. In some cases, the instruments might not reach. Despite these disadvantages, when a commercial device is lacking, attempting LESS by use of a homemade single-port device is worthwhile.

CONCLUSIONS
===========

We reported successful treatment outcomes by use of LESS in 116 cases of benign urological disease. On the basis of our clinical experiences, we introduce a useful simple technique for making a homemade single port and several surgical tips for performing LESS.
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![(A) to (E) Homemade single-port device. (A) Both ends of the wound retractor were securely tightened. (B) The white upper ring was folded three times. (C) and (D) One size 6 and 1/2 surgical glove was placed in the upper ring and folded 6 to 7 times. (E) A wound retractor was placed in the transumbilical incision, which was opened by using a Hasson technique.](kju-53-165-g001){#F1}

![(A) Surgery was performed by bending the tip of the articular laparoscopic equipment to a shape similar to the basic fifth movement of ballet. (B) To secure the space, a gas valve was placed either superiorly or inferiorly. This minimized interference from the trocar head. (C) Methods for confirming the insertion of instruments through the transparent part of the wound retractor by pulling on a homemade single-port device. (D) Methods of specimen extraction following the cutting of another finger of the glove.](kju-53-165-g002){#F2}
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OR, operation room; EBL, estimated blood loss; STEP, single-port transvesical enucleation of the prostate.
